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TABLE 1

GREEN MEADOWS COUNTY DITCH NO. 43
ESTIMATED WATER QUALITY POLLUTANT
CONCENTRATIONS BEFORE/AFTER TREATMENT

Pollutant Concentration Summary

Total Suspended Total Suspended Total Phosphorus | Total Phosphorus Total Nitrogen Total Nitrogen
Treatment® Solids Concentration|Solids Concentration] Concentration Concentration After Concentration Concentration After
Before Treatment After Treatment Before Treatment Treatment Before Treatment Treatment
(Ibs/ac-yr) (Ibs/ac-yr) (Ibs/ac-yr) (Ibs/ac-yr) (Ibs/ac-yr) (Ibs/ac-yr)
City Pond** 65%* 10%** 0.35%* 0.175** 2.0%* 1.4%*
Surge Pond*** 8.5 1.3 0.035 0.018 14.0 9.8
Two Stage Ditch*** 8.5 1.3 0.035 0.018 14.0 9.8
Grass Buffers*** 8.5 1.9 0.035 0.018 14.0 9.1
*Treatment removal efficiency based on the Minnesota Stormwater Manual.
**Existing pollutant concentrations based on research by Mikkelsen et al. published in 1994.
Pollutant removal derived from the volume of water produced by two simulated six-month rainfall events.
Concentrations listed in mg/L.
***Existing pollutant concentrations based on data collected as part of the National Urban Runoff Program.
Project No. 11-13378
May 2011
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TABLE 2

GREEN MEADOWS COUNTY DITCH NO. 43
ESTIMATED WATER QUALITY POLLUTANT REMOVAL PER YEAR

Pollutant Removal Summary

Watershed Area

Total Flow Treated

Estimated Total Suspended

Estimated Total Phosphorus

Estimated Total Nitrogen

Treatment* Solids Removal Removal Removal
(ac.) (ac-ft)

(Ib.) (Ib.) (Ib.)

City Pond** 295 12 1,775 5.7 19.4

Surge Pond*** 1,395 95 10,045 23.7 5,860

Two Stage Ditch*** 260 60 1,880 4.5 1,095

Grass Buffers*** 330 2,250 345 0.9 255
*Treatment removal efficiency based on the Minnesota Stormwater Manual.

**Existing pollutant concentrations based on research by Mikkelsen et al. published in 1994.

Pollutant removal derived from the volume of water produced by two simulated six-month rainfall events.

***Existing pollutant concentrations based on data collected as part of the National Urban Runoff Program.

Project No. 11-13378
May 2011
13378 Results.xIsx
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MINNESOTA DRAINAGE LAW ANALYSIS AND EVALUATION

APPENDIX D

ECONOMIC ANALYSIS

June 29, 2011
To: Louis Smith, Smith Partners
From: Steven J. Taff

Assessing the total economic value of drainage improvement projects

My task was to think through a relatively transparent and practical procedure to assign total
economic values to the agronomic and environment services affected by a given drainage
improvement project—Scenarios A and B in the LCCMR project. To an economist, “total
economic value” is the sum of monetized changes in all service flows. This is in contrast to
“market value,” which captures only that money value of actual transactions. Total economic
value is one way economists attempt to capture the cost of “externalities,” those effects of an
action that aren’t considered by economic actors (acting under a strict financial calculus) in their
decisions.

To properly estimate total economic value, we require valuations for both market and the extra-
market impacts of an action. The former is usually simpler, because there exists both a history of
market prices and an apparatus for deciding upon “proper” market prices for many activities. In
the case of drainage improvements, the Engineering Report and the Viewers’ Report (available
only for Scenario B) both assign economic values to the market effects of the proposed
improvement, using techniques accepted in both professional and judicial circles.

To estimate the value of non-marketed effects, such as changes in water quality or in wildlife
habitat, economists have developed a range of tools that can elicit peoples’ implicit valuations
about these changes. This presupposes, however, that we have at hand a complete set of
measures of the physical changes in the environment: how much more water pollution, how
much less habitat. These physical measures are not commonly obtained in engineering or
viewers’ reports. Consequently, for the present effort, we asked the engineers to estimate these
numbers.

A drainage project, by its nature, is expected to change both the timing and volume of water
flows through the system by changing the retention capacity of various lands through the system.

In Scenario A, the water quality improvement measures include a large retention basin, part of
which will be restored to wetland, and a two-stage ditch structure in the upper reaches of the
watershed. In Scenario B, the improvement measures consist of increasing the size of the
receiving ditch and, simultaneously, retarding the rate of flow by installing intervening surge
ponds. In addition, Scenario B calls for increasing the size of buffer areas along the ditch.
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MINNESOTA DRAINAGE LAW ANALYSIS AND EVALUATION

In both scenarios, the retention basin/ponds can be thought of as a change in land use—modeled
here as a change from cropland to wetland or grassland. The two-stage ditch, by its design, also
results in land use changes by reducing cropland and increasing buffer strips and the bench of the
ditch itself. The retention basin/ponds, in retarding the flow of water, are expected to have
certain pollution reduction effects, notably in the removal of Nitrogen, Phosphorus, and
suspended solids from the system. The buffer areas in Scenario B, by intercepting overland
flows, will also reduce these pollutants to some extent. All land use changes will have carbon
sequestration impacts.

In the attached models, | work through all these calculations for Scenarios A and B
independently, making use of the engineering reports (for both) and the viewers’ report for the
latter, as well as project advisory team members’ suggestions. The result is a complete set of
measured physical changes in each system: water flow, pollutant levels, land use changes, and
crop production (which is covered in acquisition costs).

In each scenario, | calculate the magnitude distribution of total costs and benefits of the proposed
drainage system improvements without and with “water quality improvements,” which term |
use as shorthand for all changes in environmental services.

To assign dollar values to each of the services, | make use of existing literature on the economics
of environmental services and of on-going research in these areas. None of my work creates
“new numbers;” rather, it arrays dispersed information in a framework that can be used to assess
drainage improvement projects from a perspective wider than is traditional.

I calculate the change in total economic value (for the agronomic and environmental services
measured here) of adding water quality improvement measures to a drainage project already
proposed. This way, we can compare the costs of these additional measures to their benefits. Not
all environmental services are measured here, so the total benefits | estimate are not complete:
they could be lower but would likely be higher than that I report, if we were to obtain physical
measures of additional environmental services (in a subsequent effort).

Differences between the two arrays are thus the costs and benefits of the water quality
improvements themselves.

Assumptions:

Many of the elements in the spreadsheet are self-evident, and specific items are commented.
Here are a few that are common to both scenarios:

Project Life: 25 years (consistent with that implicit in Viewers’ Report for Scenario B and
applied also to Scenario A)

Discount/Interest rate: 5% (consistent with that assumed in the Viewers’ Report for Scenario B
and applied also to Scenario A). Used in annualizing one-time capital costs. As is customary in
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these reports, all values are in current (2010) dollars. Because inflation is assumed to affect all
activities equally over time, it does not have to be explicitly modeled.

Drainage improvements: Project engineers say that drainage improvements without water quality
improvements stuff would be "more expensive". | assume 10% more than the amount shown in
the Engineering Report for both scenarios. These costs are allocated to the benefitted owners in
the system. | treat all local governments as system owners, because benefits are assigned to them
in the Viewers’ Report.

Drainage repairs: This expenditure is what is needed to keep the system going at its original
(pre-improvement) design level. These costs are paid by all owners in the system.

Upper watershed storage basins (Scenario B only): | assume that none of the proposed drainage
or water quality improvements affect the pollution dispersion capacity of the city’s wastewater
treatment plant.

Viewers’ Report

While I show a summary of the Viewers’ Report for Scenario B (both for the Improvements and
for the associated Redetermination) for reference, the current version of the model does not make
use of most of these numbers. Scenario A does not have a viewers’ report. Only the overall
benefits estimated with and without the water quality improvements enter into our final
calculations. Ron Ringquist, advisory group member, estimates a 5-10% increase in benefits for
the WITH situation, because the water quality improvements increase drainage efficiency at
upper end of the system. | assume this increase is 10% for both scenarios.

Environmental services

Houston and 1&S provide estimates of changes in Phosphorus, suspended solids, Nitrogen, and
land cover for the addition of the water quality improvements to their respective drainage plans. |
converted their estimates to standard international weights, because the economic values for unit
changes of these environmental services are generally in such units. I credit all estimated
changes to the water quality improvement portion of the projects.

The Houston report estimates changes in peak flow for Scenario A, but we lack a ready total
economic value estimate for changes in this parameter. Instead, for Scenario A, | estimate the
economic value of the reduction in flood damages, based on a very approximate value of flood
damages associated with a 100-year event in that watershed. | assume that the wetland
restoration portion of the retention basin will qualify as “wetlands” and that the entire basin will
provide carbon sequestration benefits because of land use change. Wetland habitat values are
already captured in the wetland value.
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The 1&S report estimates changes in peak flow and peak elevation for Scenario B, we do not
have to put a dollar value on them because the project is designed to have identical flow and
elevation values with and without the water quality improvements. | assume that both surge
ponds will qualify as “wetlands” and that both the ponds and the buffer areas will provide carbon
sequestration benefits because of land use change. The buffer areas will also provide habitat
benefits. Wetland habitat values are already captured in the wetland value.

Unit value of environmental services

I make use of existing unit values, localized to southern or western Minnesota where possible.
Although these numbers are known to be widely variable, but | report only point estimates here.
The spreadsheet permits subsequent users to enter different values, if known/asserted.

Phosphorus: In forthcoming work by Pennington and Dalzell (pers. comm.), Phosphorus
reductions are estimated to be “worth” $274/kg. This number is probably the most uncertain of
all of those used in the present report, but it is similar to that used in Kovacs et al.

Suspended sediments: Hanson and Ribaudo suggests $6-7/ton of avoided sediment in water
bodies in this area.

Carbon sequestration: | use $62/Mg, the 33% level for the distribution of avoided carbon release
through land use change from Tol.

Nitrogen: In forthcoming work by Pennington and Dalzell (pers. Comm.), Nitrogen reductions
from changing crop land to grass land are estimated to be $2/kg. This is similar, on average, to
that used in Kovacs et al.

Wetlands: | use Brander et al. fresh water marsh median value, adjusted to 2010 dollars.

Habitat: | use the average cost (in 2010 dollars) of Minnesota DNR Scientific and Natural Area
purchase costs, from Kovacs et al.

Value of environmental series from water quality improvements

Each of the changes in physical flows estimated by the engineers are multiplied by the unit
values discussed above to give estimated annual economic value of the changes in the flow of
environmental services created by the water quality improvement additions to the drainage
project. In Scenario A, Phosphorus and flood damage reduction are the largest environmental
service values. In Scenario B, Nitrogen and Phosphorus values are dominant.

Distribution of costs
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This section of the model summarizes and annualizes the initial cost arrays, breaking them down
into two classes of payers: system owners (which class includes local governments) and the
broader public. In Scenario B nearly all the costs are to be paid by system owners, while in
Scenario A the State is a major financial participant. These costs—and measured drainage and
environmental benefits—could have been broken down into a finer mesh of recipients (such as
lake owners, hunters, taxpayers, etc.), but such detail was beyond the scope of this project.

Annual change from water quality improvement

Here I simply group all calculated annual costs and benefits from adding the water quality
improvements to the drainage project. For Scenario B, the system owners pay $13,750 (including
the cost reduction in the drainage project itself) and non-local public entities pay $2,700.
Everyone, including system owners, gains $12,404 in increased environmental services. For
Scenario A, the values are $1,925 less for system owners, $42,975 for non-local entities, and
$53,915 for environmental services.

Recommendations

To add information to the drainage authority’s decision context, the State might consider
requiring a few additional elements to the engineering report. These could be made consistent
and routine by standardizing some of the numbers and procedures to be used.

| further suggest that all engineering reports, in addition to the current practice of estimating
changed peak levels and flows at the outlet, be required also to calculate changes in pollutants
(Nitrogen, Phosphorus, and suspended solids) and a change matrix in land use (X acres from
crop to grass, Y acres from grass to ponds, etc.). The specific calculation protocols could be
developed through a statewide body such as the Drainage Work Group, which is already in
operation. The result would be similar to the attached spreadsheet table Environmental Services,
described above.

At the same time, the State should develop, through the Drainage Work Group, a “standard
environmental service unit value” schedule similar to that used in the attached spreadsheet,
adjusted for regional conditions.

The Engineer’s specific project estimated environmental services changes could then be
combined with the official State unit values for the locality to come up with a total economic
value for environmental services provided by the proposed project. This number would then be
available to the drainage authority and to the State in the consideration of drainage system
improvement proposals.
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Scenario A

watershed size 38,400
all prices in 2010 dollars
project life 25
discount rate 0.05
Engineer's report drainage without conservation measures
improvement  non-government total system
owners system owners city county township owners lakeshore owners lake users state public total TOTAL
drainage repairs - - -
road crossing improvements 190,000 190,000 - 190,000
drainage improvements 1,265,000 1,265,000 - 1,265,000
retention area easements - - -
wetland restoration extra cost - - -
upland restoration extra cost - - -
two-stage ditch sections - - -
TOTAL 1,265,000 R - 190,000 - 1,455,000 - R - R 1,455,000
annual payment 63,250 - - 9,500 - 72,750 - - - - 72,750
drainage with conservation measures
improvement  non-government total system
owners system owners city county township owners lakeshore owners lake users state public total TOTAL
drainage repairs - - -
road crossing improvements 171,000 171,000 - 171,000
drainage improvements 1,150,000 1,150,000 - 1,150,000
retention area easements 78,000 78,000 702,000 702,000 780,000
wetland restoration extra cost 9,000 9,000 81,000 81,000 90,000
upland restoration extra cost 4,500 4,500 40,500 40,500 45,000
two-stage ditch sections 4,000 4,000 36,000 36,000 40,000
TOTAL 1,245,500 - - 171,000 - 1,416,500 - - 859,500 859,500 2,276,000
annual payment 62,275 - - 8,550 - 70,825 - - 42,975 42,975 113,800

Environmental services

quantity of environmental service (at outlet)

drainage without
conservation

change from
without to with

drainage with
conservation

measures measures (calculated)

Phosphorus 2305 155.9 75

(kg/yr)

T™MDL
suspended solids 812 315 50
(t/yr)

Carbon
sequestration - 77 77

(Mg/yr)
Nitrogen (kg/yr) 1,026.8 735.9 291

non TMDL

wetlands (acres) - 75.0 75
habitat (acres) - 225.0 225
non-environment externality peak flow (cfs) 483.0 433.0 50.0
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Unit value of
environmental services

Phosphorus $/kg 274
TMDL
suspended solids 7
$/ton
Carbon
sequestration 62
$/Mg
Nitrogen S/kg 2
non TMDL
wetlands
61
$/acre/yr
habitat $/acre/yr 20
non-environment externality peak flow $/cfs
Value of environmental change from
. f without to with
services frrom conservation
conservation measures measures
Phosphorus 20,400
TMDL
suspended solids 326
Carbon_ 4,740
sequestration
Nitrogen 570
non TMDL
wetlands 4,573
habitat 4,556
non-environment externality flood damamge 18,750
TOTAL 53,915

pennington crop

to prairie

mean SS $/a/y 5.42 mean P $/aly 71.7
mean SS t/a/y 0.828 mean P kg/a/y 0.262
SS S/t 6.5 PS/kg 273.7
mean C $/aly 15.8 mean N $/aly

mean C Mg/a/y

0.256 mean N kg/a/y

CS/t 61.7 NS/kg #DIV/0!
single-event flood
damage 187,500
percent reduction
in peak flow 0.1
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drainage without conservation measures

drainage with conservation measures

changed without to with conservation measures

Annual expenditures owners public TOTAL owners public TOTAL owners public TOTAL
drainage repairs - - - - - - - -
road crossing improvements 9,500 9,500 8,550 - 8,550 (950) - (950)
drainage improvements 63,250 63,250 57,500 - 57,500 (5,750) - (5,750)
retention area easements - - 3,900 35,100 39,000 3,900 35,100 39,000
wetland restoration extra cost - - 450 4,050 4,500 450 4,050 4,500
upland restoration extra cost - - 225 2,025 2,250 225 2,025 2,250
two-stage ditch sections - - 200 1,800 2,000 200 1,800 2,000
TOTAL EXPENDITURES 72,750 72,750 70,825 42,975 113,800 (1,925) 42,975 41,050
annual change from conservation
measures
drainage improvement costs to system
ge Imp ¥ (6,700)
owners
cost of water quality improvements to 4,775
system owners

cost of water quality |.mpro_v?ments to 42,975

non-local public entities

environmental services 53,915
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Scenario B

all prices in 2010 dollars

project life 25
discount rate 0.05
Engineer's report drainage without water quality improvements
drainage
improvement  non-government total system
owners system owners city county township owners lakeshore owners lake users state public total TOTAL
drainage repairs 575,000 575,000 - 575,000
road crossing improvements 190,000 190,000 - 190,000
drainage improvements 231,000 231,000 - 231,000
upper watershed storage basins - - -
two-stage ditch sections - - -
in-channel sediment storage - - -
native grass buffers--open ditch - - -
TOTAL 231,000 575,000 - 190,000 - 996,000 - R - R 996,000
annual payment 11,550 28,750 - 9,500 - 49,800 - - - - 49,800
drainage with water quality improvements
drainage
improvement total system
owners all system owners city county township owners lakeshore owners lake users state public total TOTAL
drainage repairs 575,000 575,000 - 575,000
road crossing improvements 190,000 190,000 - 190,000
drainage improvements 210,000 210,000 - 210,000
upper watershed storage basins 25,000 125,000 100,000 250,000 - 250,000
two-stage ditch sections 4,000 36,000 40,000 - 40,000
in-channel sediment storage 3,000 3,000 27,000 27,000 30,000
native grass buffers--open ditch 3,000 3,000 27,000 27,000 30,000
TOTAL 245,000 575,000 125,000 326,000 - 1,271,000 - - 54,000 54,000 1,325,000
annual payment 12,250 28,750 6,250 16,300 - 63,550 - - 2,700 2,700 66,250
Viewers report
"potential system average "net benefits to
Improvement "market impact" improvementrate "benefit value" acres/feet benefits" ""gross benefits" efficiency rate landowners"
township 904
city
county 419
state 1,638
road benefits 2,961
city
a 2,480.0 0.6 1,488.00 100 248,000 148,800 0.17 25,198 0.17
b 2,100.0 0.85 1,785.00 167 350,700 298,095 0.17 50,481
c 815.0 0.9 733.50 1,087 885,905 797,315 0.17 135,020
d 375.0 0.9 337.50 361 135,375 121,838 0.17 20,632
e (tile) 15 0.9 1.35 3,450 5,175 4,658 0.17 789
land benefits 232,121
total benefits from drainage improvements 235,082
total benefits from drainage improvements with conservation measures 258,590
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"potential system average "net benefits to
Redetermination "market impact" improvementrate "benefit value" acres/feet benefits" "gross benefits" efficiency rate landowners"

township 20,113
city

county 54,660

state 66,504

road benefits 141,277

city 1,285,000 858,000 0.79 678,544

a 2,480.0 0.6 1,488.00 215 533,200 319,920 0.79 253,007

b 2,100.0 0.85 1,785.00 511 1,073,100 912,135 0.79 721,356

c 815.0 0.9 733.50 3,366 2,743,290 2,468,961 0.79 1,952,562

d 375.0 0.9 337.50 881 330,375 297,338 0.79 235,147

e (tile) 1.5 0.9 1.35 118,900 178,350 160,515 0.79 126,942

land benefits 3,967,558

total benefits FROM REPAIRS 4,108,835

Environmental services

quantity of environmental service (at outlet)

drainage without
conservation

drainage with
conservation

change from
without to with

change from
without to with

measures measures (calculated) (1&S)
Phosphorus
16 16
(kg/yr)
TMDL
suspended solids 7 7
(t/yr)
Carbon
sequestration 9
(Mg/yr)
Nitrogen (kg/yr) 3,279 3,279
non TMDL
wetlands (acres) 7.0 7.0
habitat (acres) 29.9 29.9
peak flow (cfs) 747.0 747.0 -
non-environment externality
k elevati
peak elevation 986.3 986.3 -

(feet)
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Unit value of
environmental services

Phosphorus $/kg

TMDL

suspended solids

$/ton

Carbon
sequestration
$/Mg
Nitrogen $/kg

non TMDL

wetlands
S/acrefyr

habitat $/acre/yr

peak flow $/cfs/yr

non-environment externality

peak elevation

274

62

61

20

pennington crop

to prairie

mean SS $/a/y 5.42 mean P $/afy 71.7
mean SS t/a/y 0.828 mean P kg/a/y 0.262
SS S/t 6.5 PS/keg 273.7
mean C $/aly 15.8 mean N $/aly

mean C Mg/a/y

CS/t

0.256 mean N kg/a/y

61.7 NS/kg

#DIV/0!

S/ft/yr
Value of environmental change from
. f without to with
services from water conservation
quality improvements measures
Phosphorus 4,320
TMDL
suspended solids 46
Carbon_ 582
sequestration
Nitrogen 6,427
non TMDL
wetlands 424
habitat 605
peak flow -
non-environment externality
peak elevation -
TOTAL 12,404
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drainage without conservation measures

drainage with conservation measures

changed without to with conservation measures

Annual expenditures owners public TOTAL owners public TOTAL owners public TOTAL
drainage repairs 28,750 28,750 28,750 - 28,750 - - -
road crossing improvements 9,500 9,500 9,500 - 9,500 - - -
drainage improvements 11,550 11,550 10,500 - 10,500 (1,050) - (1,050)
upper watershed storage basins - - 12,500 - 12,500 12,500 - 12,500
two-stage ditch sections - - 2,000 - 2,000 2,000 - 2,000
in-channel sediment storage - - 150 1,350 1,500 150 1,350 1,500
native grass buffers--open ditch - - 150 1,350 1,500 150 1,350 1,500
TOTAL EXPENDITURES 49,800 49,800 63,550 2,700 66,250 13,750 2,700 16,450
annual change from water quality
improvement
drainage improvement costs to system (1,050)
owners
drainage improvement benefits to 1175
system owners
) net cost of water quality 14,800
improvements to system owners
cost of water quality improvements to
. - 2,700
non-local public entities
environmental services 12,404
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Name

Ray Bohn

Gary Botzek
Mark Dittrich
Les Everett
Warren Formo
Annalee Garletz
Ron Harnack

Al Kean

Rick Moore
Lance Ness
Ron Ringquist
Doug Thomas
Henry Van Offelen

Meeting
1

2
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APPENDIX E

STUDY ADVISORY COMMITTEE

Date
12-14-09
7-21-10
9-9-10
10-14-10
11-30-10
2-18-11
3-31-11
5-6-11

5-26-11

Affiliation

Minnesota Association of Watershed Districts
Minnesota Conservation Federation

Minnesota Department of Agriculture

University of Minnesota Water Resources Center
Minnesota Agriculture Water Resources Coalition
Minnesota Association of Counties

Red River Watershed Management Board
Minnesota Board of Water and Soil Resources
MSU-Mankato Water Resources Center
Minnesota Fish & Wildlife Legislative Alliance
Minnesota Viewers Association

Comfort Lake Forest Lake Watershed District
Minnesota Center for Environmental Advocacy

Agenda

Problem Statement; Critical Issues Identification
Legal Review; Critical Issues Analysis

Scenario A Development

Scenario B, Scenario C Development

Scenario B Development; Scenario C Policy Issues
Scenario C, Analysis

Scenario B, Preliminary Economic Analysis
Scenario B, Economic Analysis; Scenario A

Draft Recommendations

EMYIRON .MENT
TRUST FUND

as recommended by the Legislative-Citizen Commission on Minnesota Resources (LCCMR).

109





